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CONDUCTIVE LAYOUT STRUCTURE
INCLUDING HIGH RESISTIVE LAYER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a division of U.S. patent application
Ser. No. 15/340,982 filed on Nov. 2, 2016, and incorporated
herein by reference in 1ts entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a conductive structure, a
layout structure including conductive structure, and a
method for manufacturing conductive structure, and more
particularly, to a method including planarization process and

the conductive structure and the layout structure formed by
the method.

2. Description of the Prior Art

The semiconductor integrated circuit (IC) industry has
experienced rapid growth. And new microfabrication tech-
niques are being developed with the realization of higher
integration degrees and higher operation speeds. Chemical-
mechanical polishing (hereinafter abbreviated as CMP)
method 1s one such technique that 1s applied to planarization
of interlayer mnsulating films, formation of contact plugs, and
formation of embedded wiring 1n IC manufacturing process.

Typically, excess portions other than required metal or
insulating material are removed by CMP and thus an even
surface 1s obtained for subsequent processes. For example,
in the interconnection fabrication process, series of trenches,
openings, or vias are formed in an insulating material on a
substrate and filled up with a conductive layer. And excess
portions of the conductive layer are removed by the CMP.
Consequently, wirings and/or via structures are formed 1n
the insulating material. Those skilled 1n the art also know
that CMP 1s also mnvolved 1n planarization of shallow trench
1solation region.

It 1s found that when removing the metal materials by the
planarization, the unwanted short circuit may be formed
between individual devices because of remnant metals left
by the insuflicient planarization. Furthermore, dishing
defect, which 1s the formation of topographical detfects, such
as concavities or depressions, in the metal and metal alloy
layer of features formed on the substrate surface, 1s often
tound. Dishing defect further results 1n a non-planar surface
that impairs the ability to print high resolution lines during
subsequent photolithographic steps and detrimentally aflects
subsequent surface topography of the substrate and device/
line formation. Furthermore, dishing defect also detrimen-
tally affects the performance of devices by lowering the
conductance and increasing the resistance of the devices.
Therefore, a method that 1s able to prevent aforementioned
isuilicient planarization and dishing defect 1s still 1n need.

SUMMARY OF THE INVENTION

According to the claimed invention, a conductive struc-
ture 1s provided. The conductive structure includes a sub-
strate including a first dielectric layer formed thereon, a first
trench formed 1n the first dielectric layer, a first barrier layer
tformed 1n the first trench, a first nucleation layer formed on
the first barrier layer, a first metal layer formed on the first
nucleation layer, and a first high resistive layer sandwiched
in between the first barrier layer and first metal layer.
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According to the claimed invention, a layout structure
including a conductive structure i1s provided. The layout
structure includes a dielectric layer formed on a substrate
and a conductive structure formed in the dielectric layer.
And the conductive structure further includes a barrier layer,
a metal layer formed within the barrier layer, and a high
resistive layer sandwiched 1n between the barner layer and
the metal layer.

According to the claimed mnvention, a method for manu-
facturing a conductive structure 1s provided. The method
includes following steps. A substrate including a dielectric
layer formed thereon i1s provided, and at least a trench 1is
formed 1n the dielectric layer. A barrier layer i1s then formed
in the trench and on the dielectric layer and followed by
forming a first nucleation layer on the barrier layer. Next, a
surface treatment 1s performed to a surface of the first
nucleation layer to form a high resistive layer on the surface
of the first nucleation layer. Subsequently, the trench 1s filled
up with a metal layer and followed by performing a pla-
narization process to remove portions of the metal layer to
expose the high resistive layer.

According to the method for manufacturing the conduc-
tive structure provided by the present invention, the high
resistive layer 1s formed on the surface of the nucleation
layer by performing the surface treatment, and the high
resistive layer 1s to protect the underneath layer(s) such as
the nucleation layer and the barrier layer during planariza-
tion process. Consequently, dishing defect 1s avoided.
Accordingly, the conductive structure and the layout struc-
ture including the conductive structure obtained by the
method 1nclude the high resistive layer sandwiched in
between the metal layer and the nucleation layer. Further-
more, 1n the layout structure including the conductive struc-
ture, the high resistive layer, the nucleation layer and the
barrier layer include a concentric pattern.

These and other objectives of the present mvention waill
no doubt become obvious to those of ordinary skill 1n the art
alter reading the following detailed description of the pre-
ferred embodiment that is 1llustrated 1n the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1-5 are schematic drawings 1llustrating a method
for manufacturing a conductive structure provided by a {first
preferred embodiment of the present invention, wherein

FIG. 2 1s a schematic drawing in a step subsequent to FIG.
1,

FIG. 3 1s a schematic drawing in a step subsequent to FIG.
2,

FIG. 4 1s a schematic drawing in a step subsequent to FIG.
3,

FIG. § 1s a schematic drawing 1n a step subsequent to FIG.
4, and

FIG. 6 1s a schematic drawing 1llustrating a layout struc-
ture including the conductive structure, and FIG. § 1s a
cross-sectional view taken along a Line A-A' of FIG. 6.

FIGS. 7-9 are schematic drawings 1llustrating a method
for manufacturing a conductive structure provided by a
second preferred embodiment of the present invention,
wherein

FIG. 8 1s a schematic drawing in a step subsequent to FIG.
7, and

FIG. 9 1s a schematic drawing in a step subsequent to FIG.
8.
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FIG. 10 1s a schematic drawing illustrating a layout
structure 1including the conductive structure, and FIG. 9 1s a

cross-sectional view taken along a Line B-B' of FIG. 10.

FIG. 11 1s a schematic drawing illustrating a conductive
structure provided by a preferred embodiment of the present
invention.

FIG. 12 1s a schematic drawing illustrating a conductive
structure provided by another preferred embodiment of the
present mvention.

FIGS. 13-14 are schematic drawings illustrating a con-
ductive structure provided by still another preferred embodi-
ment of the present invention, wherein

FIG. 14 1s a schematic drawing 1n a step subsequent to
FIG. 13.

DETAILED DESCRIPTION

In the following description, numerous specific details are
set forth, such as particular structures, components, materi-
als, dimensions, processing steps and techniques, 1n order to
provide a thorough understanding of the present invention.
However, 1t will be appreciated by one of ordinary skill 1in
the art that the invention may be practiced without these
specific details. In other instances, well-known structures or
processing steps have been described 1n detail 1n order to
avoid obscuring the mvention.

It will be understood that when an element 1s referred to
as being “formed” on another element, 1t can be directly or
indirectly, formed on the given element by growth, deposi-
tion, etch, attach, connect, or couple. And 1t will be under-
stood that when an elements or a layer 1s referred to as being
“on”, “connected t0”, or “coupled to” another element or
layer, 1t can be directly on, connected or coupled to the other
clement or layer or intervening elements or layers may be
present.

It will be understood that, although the terms first, second,
ctc. may be used herein to describe various elements,
components, regions, layers and/or sections, these elements,
components, regions, layers and/or sections should not be
limited by these terms. These terms are only used to distin-
guish one element, component, region, layer and/or section
from another. Thus, a first element, component, region, layer
or section discussed below could be termed a second ele-
ment, component, region, layer or section without departing
from the teachings of the disclosure.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper”, “in”, “on” and the like, may be
used herein for ease of description to describe one element
or feature’s relationship to another element(s) or feature(s)
as 1llustrated 1n the figures. It will be understood that
spatially relative terms are intended to encompass different
orientations of the device 1n use or operation 1n addition to
the orientations depicted 1n the figures. For example, if the
device 1n the figures 1n turned over, elements described as
“below” or “beneath” can encompass both an orientation of
above and below. The device may be otherwise oriented
(rotated 90 degrees or at other orientations) and the spatially
relative descriptors used herein interpreted accordingly.

The terminology used herein 1s for the purpose of describ-
ing particular embodiments and 1s not intended to be limut-
ing of the inventions. As used herein, the singular form *“a”,
“an” and “the” are itended to include the plural forms as
well, unless the context clearly indicates otherwise.

Please refer to FIGS. 1-5, which are schematic drawings
illustrating a method for manufacturing a conductive struc-
ture provided by a first preferred embodiment of the present

invention. As shown in FIG. 1, the method for manufactur-
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4

ing the conductive structure provided by the preferred
embodiment first provides a substrate 100, and the substrate
100 can include a semiconductor material, such as silicon
(S1), germanium (Ge), I1I-V compound, or II-VI compound.
In some embodiments of the present invention, the substrate
100 can be a bulk silicon substrate. In other embodiments of
the present mvention, the substrate 100 can be a semicon-
ductor on insulator (SOI) substrate. An active circuit (not
shown) 1s disposed 1n the substrate 100. It should be easily
understood by those skilled in the art that the active circuit
may include a plurality of metal-oxide-semiconductor
(MOS) transistor devices (not shown) or other devices. And
a plurality of shallow trench isolations (hereinafter abbre-
viated as STIs) (not shown) can be formed to 1solate those
devices.

Please refer to FIG. 1 again. A dielectric layer 102 1s
formed on the substrate 100. In some embodiments of the
present invention, the dielectric layer 102 can include an
interlayer-dielectric (heremafter abbreviated as ILD) layer.
In other embodiments of the present invention, the dielectric
layer 102 can be an inter-metal dielectric (hereinafter abbre-
viated as IMD) layer. The dielectric layer 102 used to
provide electrical 1solation can include boro-phospho-sili-
cate glass (BPSG), phosphor-silicate glass (PSG), tetra-
cthyl-ortho-silicate (TEOS), low-k dielectric material such
as black Diamond® available from Applied Matenials, Inc.
of Santa Clara, Calif., fluormated silica glass (FSG), porous
low-k dielectric material, or self-assembled dielectric mate-
rial, but not limited to this.

Please still refer to FIG. 1. At least a trench 104 1s formed
in the dielectric layer 102. Next, a barrier layer 120 1s
formed 1n the trench 104 and on the substrate 100, and
followed by forming a nucleation layer 130 on the barrier
layer 120. In the preferred embodiment, the barrier layer 120
can include a titanium nitride (hereinafter abbreviated as
TiN) layer, but not limited to this. It 1s well-known to those
skilled 1n the art that the nucleation layer 1s a thin metal layer
conformally deposited by atomic layer deposition (ALD)
and serves as a base to form a thicker metal layer including
the same metal. For example, when a tungsten (W) layer 1s
to be formed, the nucleation layer 130 can be a thin tungsten
layer. And when a copper layer 1s to be formed, the nucle-
ation layer 130 can be a thin copper layer. Additionally, a
thickness of the nucleation layer 130 can be 70 angstroms
(A), but not limited to this.

Please refer to FIG. 2. After forming the nucleation layer
130, a surface treatment 110 1s performed to a surface of the
nucleation layer 130. Consequently, a high resistive layer
140 1s formed on the surface of the nucleation layer 130. A
thickness of the high resistive layer 140 can be 1%-10% of
the thickness of the nucleation layer 130, but not limited to
this. In the preferred embodiment, the surface treatment 110
includes introducing nitrogen, oxygen, or carbon, but not
limited to this. The nitrogen can be delivered through
various nitrogen-containing precursors, such as N,, NH;,
H,, Ar, He, Ne or other similar gases and combinations of
gases. Consequently, nitridation occurs on the surface of the
nucleation layer 130 and thus the high resistive layer 140 1s
formed. In the same concept, oxygen can be delivered
through introducing oxygen gas, and carbon can be deliv-
ered through various carbon-containing precursors. Conse-
quently, oxidation or carbonization occurs on the surface of
the nucleation layer 130 and thus the high resistive layer 140
1s formed. It 1s noteworthy that the mitridation, oxidation or
carbonization occurs on the surface of the nucleation layer
130, and more particularly, on a portion of the surface of the
nucleation layer 130. In detail, the nitridation, oxidation or
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carbonization occurs on the portion of the surface above an
opening of the trench 104. Specifically, a reaction rate on the
surface above the opening of the trench 104 1s much larger
than a reaction rate on a surface of the nucleation layer 130

within the trench 104. Therefore, by adjusting parameters of 3

the surface treatment 110, the nitridation, oxidation or
carbonization can be stopped when the high resistive layer
140 1s formed on the surface of the nucleation layer 130
above or around the opening of the trench 104. In other
words, 1n some embodiments of the present invention, the
nucleation layer 130 preferably 1s still exposed at a bottom
of the trench 104 as shown in FIG. 2. It 1s noteworthy that
since the high resistive layer 140 1s formed by nitridation,
oxidation, or carbomzation of at least the portion of the
surface of the nucleation layer 130, which includes a metal
material the same with a metal layer formed thereon, the
high resistive layer 140 includes a metal nitride, a metal
oxide, or metal carbide of the metal material of the nucle-
ation layer 130. For example, when the metal layer to be
formed 1includes tungsten, the high resistive layer 140
includes tungsten nitride (WN), tungsten oxide (WO), or
tungsten carbide (WC).

Please refer to FIG. 3. After forming the high resistive
layer 140, a metal layer 150 1s formed on the substrate 100
to 1ill up the trench 104. It 1s noteworthy that the metal layer
150 1s nucleated and formed from a surface of the nucleation
layer 130, however nucleation can be slowed down on the
surface of the high resistive layer 140 due to the metal
nitride, metal oxide or metal carbide. Consequently, the
metal layer 150 1s upwardly formed from the nucleation
layer 130 exposed at the bottom of the trench 104. More
important, since the metal layer 150 1s formed upwardly
instead ol inwardly, seams that often found within the
inwardly formed metal layer are avoided according to the
preferred embodiment. Additionally, the metal layer 1350
includes a metal maternal the same with the nucleation layer
130 that 1s tungsten in the preferred embodiment, but not
limited to this.

Please refer to FIG. 4. After forming the metal layer 150,
a planarization process 112 such as a CMP process 1s
performed to remove a portion of the metal layer 150 to
expose the high resistive layer 140. It 1s noteworthy that 1n
the conventional planarization process, a magnetic field
penetrating the substrate 1s introduced and thus Eddy cur-
rents are created by the barrier layer 120 in the substrate.
Typically, whether the removal of the barrier layer 1s com-
pleted can be recognized by detecting the eddy currents rate:
When no eddy currents are detected, it means the barrier
layer 1s removed from the surface of the dielectric layer.
Accordingly, 1t 1s also recognized that the dielectric layer 1s
exposed and thus the planarization process 1s terminated.
According to the present invention, the high resistive layer
140 1s formed to shield the barrier layer 120, and thus no
eddy current will be created or detected in the planarization
process 112. And the planarization process 112 1s terminated
by adjusting parameters such as duration of the planarization
process 112. In other words, the high resistive layer 140 and
the nucleation layer 130 serve as a protecting layer for the
barrier layer 120, as shown 1n FIG. 4. In other embodiments
of the present invention, since the high resistive layer 140 1s
to shield the barrier layer 120, removal of the high resistive
layer 140 can be recognized once eddy currents are detected.
Accordingly, the planarization process 112 1s terminated,
and at least the nucleation layer 130 still serves as a
protecting layer for the barrier layer 120.

Please refer to FIG. 5. After the planarization process 112,
an etching back process 114 1s performed to remove a
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portion of the metal layer 150, a portion of the high resistive
layer 140, a portion of the nucleation layer 130, and a
portion of the barrier layer 120. The etching back process
114 preferably includes an etchant with low selection ratio,
and thus the portion of the metal layer 150, the portion of the
high resistive layer 140, the portion of the nucleation layer
130 and the portion of the barner layer 120 above the
opening ol the trench 104 are equally removed. Conse-
quently, the dielectric layer 102 1s exposed and a conductive
structure 160 1s formed, as shown in FIG. 5. Since the
portion of the metal layer 150, the portion of the high
resistive layer 140, the portion of the nucleation layer 130
and the portion of the barrier layer 120 above the opening of
the trench 104 are removed by the etching back process 114
instead of the planarization process 112, dishing defects that
are often found in the planarization process 112 are avoided.

Please refer to FIG. 5 and FIG. 6, FIG. 5 1s a schematic
drawing illustrating a conductive structure formed by the
method for forming the conductive structure provided by the
abovementioned first preferred embodiment, FIG. 6 1s a
schematic drawing 1llustrating a layout structure including
the conductive structure, and FIG. 5 1s a cross-sectional view
taken along a Line A-A' of FIG. 6. As shown 1n FIG. 5, the
conductive structure 160 provided by the preferred embodi-
ment includes the substrate 100 including the dielectric layer
102 formed thereon, the trench 104 formed 1n the dielectric
layer 102, the barrier layer 120 formed in the trench 104, the
nucleation layer 130 formed on the barrier layer 120, the
metal layer 150 formed on the nucleation layer 130, and the
high resistive layer 140 sandwiched 1n between a portion of
the barrier layer 120 and a portion of the metal layer 150.
Furthermore, as shown 1n FIG. §, the high resistive layer 140
1s sandwiched 1n between the nucleation layer 130 and the
metal layer 150, and more particularly, the high resistive
layer 140 1s sandwiched 1n between a portion of the nucle-
ation layer 130 near the opening of the trench 104 and a
portion of the metal layer 150 near the opening of the trench
104. Therefore, a bottom of the metal layer 150 contacts the
nucleation layer 130. As mentioned above, the metal layer
150 includes a metal material, and the high resistive layer
140 includes a metal nitride, a metal oxide, and a metal
carbide of the metal material, such as WN, WO or WC.

As shown 1n FIG. 6, according to the preferred embodi-
ment, the layout structure 170 including the conductive
structure 160 includes the dielectric layer 102 formed on the
substrate 100 and the conductive structure 160 formed 1n the
dielectric layer 102. And the conductive structure 160 fur-
ther includes the barrier layer 120, the metal layer 1350
tformed within the barrier layer 120, the high resistive layer
140 sandwiched 1n between the barrier layer 120 and the
metal layer 150, and the nucleation layer 130 sandwiched in
between the high resistive layer 140 and the barrnier layer
120. Furthermore, the barrier layer 120, the nucleation layer
130 and the high resistive layer 140 form a concentric
pattern as shown in FIG. 6.

According to the method for manufacturing the conduc-
tive structure provided by the first preferred embodiment,
the high resistive layer 140 1s formed to protect the barrier
layer 120, and thus the barrier layer 120 1s not exposed 1n the
planarization process 114. In other words, the high resistive
layer 140 serves as a protecting layer for the underneath
layer(s) such as the nucleation layer 130 and the barrier layer
120. Theretfore dishing defects are avoided. Accordingly, the
high resistive layer 130 1s sandwiched 1n between the metal
layer 150 and the nucleation layer 130 in the conductive
structure 160 and the layout structure 170 including the
conductive structure 160.
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Please refer to FIGS. 7-9, which are schematic drawings
illustrating a method for manufacturing a conductive struc-
ture provided by a second preferred embodiment of the
present invention. It should be noted that elements the same
in both of the first and second preferred embodiments can
include the same material, and thus those details are omitted
herein 1n the interest of brevity. As shown in FIG. 7, the
method for manufacturing the conductive structure provided
by the preferred embodiment first provides a substrate 200,
and an active circuit (not shown) 1s disposed in the substrate
200. It should be easily understood to those skilled 1n the art
that the active circuit may include a plurality of MOS
transistor devices (not shown) or other devices. And a
plurality of STIs (not shown) can be provided to isolate
those devices. A dielectric layer 202 1s formed on the
substrate 200. In some embodiments of the present inven-
tion, the dielectric layer 202 can be an ILD layer. In other
embodiments of the present imnvention, the dielectric layer
202 can be an IMD layer. At least a trench 204 1s formed 1n
the dielectric layer 202. Next, a barrier layer 220 and a
nucleation layer 230 are sequentially formed 1n the trench
204 and on the substrate 200. In the preferred embodiment,
the barrier layer 220 can include a TiN layer, but not limited
to this. It 1s well-known to those skilled 1n the art that the
nucleation layer 1s a conformal thin metal layer that serves
as a base to forma thicker metal layer including the same
metal material. For example, when a tungsten layer 1s to be
formed, the nucleation layer 230 can be a thin tungsten layer.
And when a copper layer 1s to be formed, the nucleation
layer 230 can be a thin copper layer. Additionally, a thick-
ness of the nucleation layer 230 can be 70 A, but not limited
to this.

Please still refer to FIG. 7. After forming the nucleation
layer 230, a surface treatment 210 1s performed to a surface
of the nucleation layer 230. Consequently, a high resistive
layer 240 1s formed on the surface of the nucleation layer
230. A thickness of the high resistive layer 240 can be
19%-10% of the thickness of the nucleation layer 230, but not
limited to this. In the preferred embodiment, the surface
treatment 210 includes introducing nitrogen, oxygen, or
carbon, but not limited to this. Consequently, nitridation,
oxidation or carbonization occurs on the surface of the
nucleation layer 230 and thus the high resistive layer 240 1s
formed. It 1s noteworthy that the nitridation, oxidation or
carbonization occurs on a portion of the surface of the
nucleation layer 230. In detail, the nitridation, oxidation or
carbonization occurs on the portion of the surface above an
opening of the trench 204. Specifically, a reaction rate on the
surface above the opening of the trench 204 1s much larger
than a reaction rate on a surface of the nucleation layer 230
within the trench 204. Therefore, by adjusting parameters of
the surface treatment 210, the nitridation, oxidation or
carbonization can be stopped when the high resistive layer
240 1s formed on the surface of the nucleation layer 230
above or around the opening of the trench 204. In other
words, 1n some embodiments of the present invention, the
nucleation layer 230 preferably 1s still exposed at a bottom
of the trench 204 as shown in FIG. 7. However, 1n a
modification to the preferred embodiment, a duration of the
surtace treatment 210 can be extended till the entire surface
of the nucleation layer 230 i1s reacted and thus the high
resistive layer 240 1s formed on the nucleation layer 230
entirely. As mentioned above, since the high resistive layer
240 1s formed by the nitridation, oxidation, or carbonization
ol at least a portion the surface of the nucleation layer 230,
which includes a metal material the same with a metal layer
to be subsequently formed thereon, the high resistive layer
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240 includes a metal nitride, a metal oxide, or metal carbide
of that metal material. For example, when the metal layer to
be formed includes tungsten, the high resistive layer 240
includes WN, WO, or WC.

Please refer to FI1G. 8. According to the preferred embodi-
ment, a nucleation layer 232 1s formed on the high resistive
layer 240/the nucleation layer 230 after the surface treatment
210. And a material and a thickness of the nucleation layer
232 can be the same with those of the nucleation layer 230,
but not limited to this. After forming the nucleation layer
232, a metal layer 250 1s formed on the substrate 200 to fill
up the trench 204. It 1s noteworthy that the metal layer 250
1s nucleated and formed from a surface of the nucleation
layer 232. Since the nucleation layer 232 entirely covers the
heterogeneous surtace of the high resistive layer 240 and the
nucleation layer 230, the metal layer 250 can be formed
from the homogeneous surface of the nucleation layer 232.
As mentioned above, the metal layer 250 includes a metal
material the same with the nucleation layer 230/232 that 1s
tungsten in the preferred embodiment, but not limited to this.

Please refer to FIG. 9. After forming the metal layer 2350,
a planarization process 212 such as a CMP process 1is
performed to remove a portion of the metal layer 250 and a
portion of the nucleation layer 232 to expose the high
resistive layer 240. As mentioned above, the barrier layer
220 1s shielded by the high resistive layer 240, and thus no
eddy current will be created or detected in the planarization
process 212. And the planarization process 212 can be
terminated by adjusting parameters such as duration. In
other words, the high resistive layer 240 and the nucleation
layer 230 serve as a protecting layer for the barrier layer 220,
as shown 1 FIG. 9. In other embodiments of the present
invention, since the high resistive layer 240 i1s to shield the
barrier layer 220, removal of the high resistive layer 240 can
be recognized once eddy currents are detected. Accordingly,
the planarization process 212 1s immediately terminated, and
at least the nucleation layer 230 still serves as a protecting
layer for the barrier layer 220.

Please still refer to FIG. 9. After the planarization process
212, an etching back process 214 1s performed to remove a
portion of the metal layer 250, a portion of the nucleation
layer 232, a portion of the high resistive layer 240, a portion
ol the nucleation layer 230, and a portion of the barrier layer
220. Specifically, the etching back process 214 equally
removes the portion of the metal layer 250, the portion of the
nucleation layer 232, the portion of the high resistive layer
240, the portion of the nucleation layer 230, and the portion
of the barrier layer 220 above the opeming of the trench 204.
Consequently, the dielectric layer 202 1s exposed and a
conductive structure 260 1s formed, as shown 1in FIG. 9.
Since the portion of the metal layer 250, the portion of the
nucleation layer 232, the portion of the high resistive layer
240, the portion of the nucleation layer 230, and the portion
of the barrier layer 220 above the opening of the trench 204
are removed by the etching back process 214 instead of the
planarization process 212, dishing defects that are oiften
found 1n the planarization process 212 are avoided.

Please refer to FIG. 9 and FIG. 10, FIG. 9 1s a schematic
drawing illustrating a conductive structure formed by the
method for forming the conductive structure provided by the
abovementioned second preferred embodiment, FIG. 10 1s a
schematic drawing 1llustrating a layout structure including
the conductive structure, and FIG. 9 1s a cross-sectional view
taken along a Line B-B' of FIG. 10. As shown 1n FIG. 9, the
conductive structure 260 provided by the preferred embodi-
ment includes the substrate 200 including the dielectric layer
202 formed thereon, the trench 204 formed in the dielectric
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layer 202, the barrier layer 220 formed 1n the trench 204, the
nucleation layer 230 formed on the barrier layer 220, the
metal layer 250 formed on the nucleation layer 230, and the
high resistive layer 240 sandwiched 1n between a portion of
the barrier layer 220 and a portion of the metal layer 250. As
shown 1n FIG. 9, the high resistive layer 240 1s sandwiched
in between a portion of the nucleation layer 230 and a
portion of the metal layer 250. Furthermore, another nucle-
ation layer 232 1s sandwiched 1in between the high resistive
layer 240 and a portion of the metal layer 250. In other
words, the high resistive layer 240 1s sandwiched 1n between
two nucleation layers 230/232 near the opening of the trench
204. Therefore, sidewalls and a bottom of the metal layer
250 contact the nucleation layer 232 as shown 1n FIG. 9. As
mentioned above, the metal layer 250 includes a metal
matenal, and the high resistive layer 240 includes a metal
nitride, a metal oxide, and a metal carbide of the metal
material, such as WN, WO or WC.

As shown 1n FIG. 10, according to the preferred embodi-
ment, the layout structure 270 including the conductive
structure 260 includes the dielectric layer 202 formed on the
substrate 200 and the conductive structure 260 formed 1n the
dielectric layer 202. And the conductive structure 260 fur-
ther includes the barrier layer 220, the metal layer 2350
tformed within the barrier layer 220, the high resistive layer
240 sandwiched in between the barrier layer 220 and the
metal layer 250, the nucleation layer 230 sandwiched in
between the high resistive layer 240 and the barrier layer
220, and the nucleation layer 232 sandwiched in between the
high resistive layer 240 and the metal layer 250. Further-
more, the barnier layer 220, the nucleation layer 230, the
high resistive layer 240 and the nucleation layer 232 form a
concentric pattern as shown i FIG. 10.

According to the method for manufacturing the conduc-
tive structure provided by the second preferred embodiment,
the high resistive layer 240 1s formed to protect the barrier
layer 220, and thus the barrier layer 220 1s not exposed in the
planarization process 214. In other words, the high resistive
layer 240 serves as a protecting layer for the underneath
layer(s) such as the nucleation layer 230 and the barrier layer
220. Therefore dishing defects are avoided. Furthermore,
another nucleation layer 232 1s formed on the high resistive
layer 240 according to the preferred embodiment, such that
formation of the metal layer 250 can be improved. Accord-
ingly, the high resistive layer 240 1s sandwiched 1n between
the two nucleation layers 230/232 1n the conductive struc-
ture 260 and the layout structure 270 including the conduc-
tive structure 260.

Please refer to FIG. 11, which 1s a schematic drawing
illustrating a conductive structure provided by a preferred
embodiment of the present mvention. It should be easily
understood that the conductive structure can be formed by
the method for manufacturing he conductive structure pro-
vided by the aforementioned first or second preferred
embodiment, therefore those steps are omitted for simplicity.
As mentioned above, the conductive structure provided by
the present invention can be embodied on a substrate includ-
ing active circuits formed therein, and the active circuit may
include a plurality of transistor devices (not shown) or other
devices. According to the preferred embodiment, a substrate
300 including at least a transistor device 310 1s provided. As
shown in FIG. 11, the transistor device 310 can include a
dielectric layer 312, a dummy gate or a replacement gate
such as a polysilicon layer or an amorphous silicon layer
(not shown), and a patterned hard mask (not shown). The
transistor device 310 can 1include lightly-doped drains
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formed on sidewalls of the dummy gate, and a source/drain
region 318 formed in the substrate 300. The spacer 316 can
be a multi-layered structure, but not limited to this. Further-
more, selective strain scheme (SSS) can be used in the
preferred embodiment. For example, a selective epitaxial
growth (SEG) method can be used to form the source/drain
region 318. When the transistor devices 310 1s an n-typed
transistor device, epitaxial silicon layers of S1C or SiP are
used to form the source/drain region 318. When the tran-
sistor device 310 1s a p-typed transistor device, epitaxial
silicon layers of S1Ge are used to form the source/drain
region 318. Additionally, salicides (not shown) can be
formed on the source/drain region 318. After forming the
transistor device 310, an etch liner such as a contact etch
stop layer (hereinafter abbreviated as CESL) 322 1s selec-
tively formed on the substrate 300, and an ILD layer 324 1s
subsequently formed. As shown i FIG. 11, the CESL 322
and the ILD layer 324 construct a dielectric layer 302, and
the transistor device 310 1s embedded 1n the dielectric layer
302.

Please still refer to FIG. 11. Next, a planarization process
such as a CMP process 1s performed to planarize the ILD
layer 324 and the CESL 322. Furthermore, the planarization
process 1s performed to remove the patterned hard mask,
such that the dummy gate 1s exposed. The dummy gate 1s
then removed to form a trench 304. In other words, location
and size of the trench 304 are defined by the spacer 316 1n
the dielectric layer 302. Thereatter, a high-k gate dielectric
layer 326 and a work function metal layer 328 are formed 1n
the trench 304. It 1s therefore understood that the preferred
embodiment 1s to mtegrate the high-k last approach, but not
limited to this. In the high-k last approach, the dielectric
layer 312 originally formed under a bottom of the dummy
gate serves as an interfacial layer (IL), and the interfacial
layer provides a superior interface between the substrate 300
and the high-k gate dielectric layer 326. However, 1n a
modification to the preferred embodiment, 1t can be inte-
grated with high-k first approach. And 1n the high-k first
approach, the dielectric layer 312 can include high-k mate-
rial, but not limited to this. In some embodiment of the
present invention, when the transistor device 310 1s the
p-typed transistor, the work function metal layer 328 1s a
p-typed work function metal layer including any suitable
metal material having a work function between about 4.8 eV
and about 3.2 ¢V. Alternatively, 1n other embodiments of the
present nvention, when the transistor device 310 i1s the
n-typed transistor, the work function metal layer 328 1s an
n-typed work function metal layer including any suitable
metal materials having a work function between about 3.9
eV and about 4.3 eV. In addition, the work function metal
layer 328 can be a single-layered structure or a multi-layered
structure. Furthermore, metal layers such as a bottom barrier
layer (not shown) and/or an etch stop layer (not shown) can
be formed between the work function metal layer 328 and
the high-k gate dielectric layer 326 11 required.

Please still refer to FIG. 11. After forming the work
function metal layer 328, the method for manufacturing the
conductive structure provided by the aforementioned first
preferred embodiment 1s performed. Accordingly, the con-
ductive structure 360 can be a metal gate 1n the preferred
embodiment. And the conductive structure/metal gate 360
includes at least the high-k gate dielectric layer 326, the
work function metal layer 328, a barrier layer 320, a
nucleation layer 330, a metal layer 350, and a high resistive
layer 340 sandwiched 1n between a portion of the metal layer
350 and a portion of the nucleation layer 330. As shown 1n

FIG. 11, the high-k gate dielectric layer 326 and the work
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function metal layer 328 are sandwiched in between the
barrier layer 320 and the substrate 300. In another embodi-
ment of the present invention, the method for manufacturing
the conductive structure provided by the aforementioned
second preferred embodiment i1s performed. Accordingly,
another nucleation layer (not shown) i1s sandwiched 1n
between the metal layer 350 and the high resistive layer 340
in the conductive structure 360.

Please refer to FIG. 12, which 1s a schematic drawing
illustrating a conductive structure provided by another pre-
ferred embodiment of the present invention. It should be
casily understood that the conductive structure can be
formed by the method for manufacturing the conductive
structure provided by the aforementioned first or second
preferred embodiment, therefore those steps are omitted for
simplicity. As mentioned above, the conductive structure
provided by the present ivention can be embodied on a
substrate 400 including active circuits formed therein, and
the active circuit may include a plurality of transistor
devices 410 or other devices. And a plurality of STIs 406 can
be formed 1n the substrate 400 to 1solate those devices. In the
preferred embodiment the transistor device 410 can be a
transistor device including a metal gate, and the metal gate
can be the conductive structure 360 as mentioned above. As
shown 1n FI1G. 12, the transistor device 410 1s formed on the
substrate 400 and embedded 1n a dielectric layer 402a. It 1s
noteworthy that the preferred embodiment further provides
a dielectric layer 4026 formed on the transistor device 410
and the dielectric layer 402a.

Next, at least a trench 404 i1s formed in both of the
dielectric layer 402a and the dielectric layer 402b6. There-
aiter, the method for manufacturing the conductive structure
provided by the aforementioned first preferred embodiment
1s performed. Accordingly, a conductive structure 460 is
formed in the trench 404. The conductive structure 460
serves as a contact plug and a zeroth via structure V0 of an
interconnection and provide electrical connections between
the transistor devices 410 and other devices. The conductive
structure 460 includes a barrier layer 420, a nucleation layer
430 formed on the barrier layer 420, a metal layer 450
formed on the nucleation layer 430, and a high resistive
layer 440 sandwiched in between a portion of the nucleation
layer 430 and a portion of the metal layer 450. In other
embodiments of the present invention, the method for manu-
facturing the conductive structure provided by the afore-
mentioned second preferred embodiment 1s performed.
Accordingly, another nucleation layer (not shown) 1s sand-
wiched 1n between the metal layer 450 and the high resistive
layer 440 in the conductive structure 460. It 1s noteworthy
that a top surface of the metal layer 450, a top surface of the
high resistive layer 440, a top surface of the nucleation layer
430, and a top surface of the barrier layer 420 of the
conductive structure 460 are coplanar with a top surface of
the dielectric layer 4025, as shown i FIG. 12.

Please refer to FIGS. 13-14, which are schematic draw-
ings 1llustrating a conductive structure provided by still
another preferred embodiment of the present immvention. It
should be easily understood that the conductive structure can
be formed by the method for manufacturing the conductive
structure provided by the aforementioned first or second
preferred embodiment, therefore those steps are omitted for
simplicity. As mentioned above, the conductive structure
provided by the present invention can be embodied on a
substrate 300 including active circuits formed therein, and
the active circuits may include a plurality of transistor
devices 510 or other devices. And a plurality of STIs 506 can
be formed 1n the substrate 500 to 1solate those devices. In the
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preferred embodiment the transistor device 510 can be a
transistor device including a metal gate, and the metal gate
can be the conductive structure 360 as mentioned above. As
shown 1n FI1G. 13, the transistor device 510 1s formed on the
substrate 500 and embedded 1n a dielectric layer 502a.

Please refer to FIG. 13. Next, at least a trench 5044 1s
formed in the dielectric layer 502a. Thereatter, the method
for manufacturing the conductive structure provided by the
alforementioned first preferred embodiment i1s performed.
Accordingly, a conductive structure 360q 1s formed 1n the
trench 504a. The conductive structure 560a serves as a
contact plug and a zeroth via structure V0 of an intercon-
nection and provides electrical connection between the
transistor devices 310 and other devices. The conductive
structure 560a includes a barrier layer 520a, a nucleation
layer 530q formed on the barnier layer 520a, a metal layer
550a formed on the nucleation layer 530aq, and a high
resistive layer 540a sandwiched 1n between a portion of the
nucleation layer 530q and a portion of the metal layer 550aq.
In another embodiment of the present invention, the method
for manufacturing the conductive structure provided by the
alorementioned second preferred embodiment 1s performed.
Accordingly, another nucleation layer (not shown) 1s sand-
wiched 1n between the metal layer 550a and the high
resistive layer 540a 1n the conductive structure 560q. It 1s
noteworthy that in the preferred embodiment, the trench
504a 1s Tormed 1n the dielectric layer 502a, therefore a top
surface of the metal layer 550q, a top surface of the high
resistive layer 540q, a top surface of the nucleation layer
530a, and a top surface of the barrier layer 520a of the
conductive structure 560q are coplanar with a top surface of
the dielectric layer 502a, as shown 1n FIG. 13.

Please refer to FIG. 14. After forming the conductive
structure 360q, a dielectric layer 5025 1s formed on the
substrate 500, and more particularly, on the transistor device
510, the conductive structure 560a, and the dielectric layer
502a. Next, at least a trench 5045 1s formed 1n the dielectric
layer 5025b. Thereatter, the method for manufacturing the
conductive structure provided by the atorementioned first
preferred embodiment 1s performed. Accordingly, a conduc-
tive structure 5605 1s formed in the trench 35045. The
conductive structure 5605 serves as a zeroth via structure VO
of the interconnection and provides electrical connection
between the transistor devices 510 and other devices. The
conductive structure 56056 includes a barnier layer 5200, a
nucleation layer 5306 formed on the barrier layer 5205, a
metal layer 5505 formed on the nucleation layer 53056, and
a high resistive layer 5405 sandwiched in between a portion
of the nucleation layer 5306 and a portion of the metal layer
550b. In another embodiment of the present invention, the
method for manufacturing the conductive structure provided
by the aforementioned second preferred embodiment 1s
performed. Accordingly, another nucleation layer (not
shown) 1s sandwiched 1n between the metal layer 55056 and
the high resistive layer 5406 1n the conductive structure
5605. It 1s noteworthy that in the preferred embodiment, the
trench 5045 1s formed 1n the dielectric layer 5025, therefore
a top surface of the metal layer 5505, a top surface of the
high resistive layer 5406, a top surface of the nucleation
layer 5305, and a top surface of the barrier layer 52056 of the
conductive structure 5605 are coplanar with a top surface of
the dielectric layer 50254, as shown 1n FIG. 14.

According to the alorementioned preferred embodiments,
it 1s concluded that the method for manufacturing the
conductive structure can be used to form not only the metal
gate and the contact plug but also the interconnection, since
the interconnection can be formed by steps of forming a
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dielectric layer, forming trenches in the dielectric layer,
sequentially forming a barrier layer and a nucleation layer 1n
the trench, performing a surface treatment to the nucleation
layer to form a high resistive layer, (forming another nucle-
ation layer), filling the trench with a metal layer, performing
a planarization process, and performing an etching back
process layer. And these abovementioned steps can be
repeated any number of times to form the stacked structure
of the interconnection. It 1s therefore concluded that the

method for manufacturing the conductive structure provided
by the present invention 1s able to form the metal gates, the
contact plugs, and the interconnections metals (including the
wirings and the via structures). In other words, the method
for manufacturing the conductive structure provided by the

present invention can be integrated into both the front-end-
of-line (FEOL) process and the back-end-of-line (BEOL)
process.

According to the method for manufacturing the conduc-
tive structure provided by the present invention, the high
resistive layer 1s formed on the surface of the nucleation
layer by performing the surface treatment, and the high
resistive layer 1s to protect the underneath layers such as the
nucleation layer and the barrier layer during planarization
process. Consequently, dishing defect 1s avoided. Accord-
ingly, the conductive structure and the layout structure
including the conductive structure obtained by the method
include the high resistive layer sandwiched i between the
metal layer and the nucleation layer. Furthermore, i the
layout structure including the conductive structure, the high
resistive layer, the nucleation layer and the barrier layer
include a concentric pattern. Furthermore, the method for
manufacturing the conductive structure provided by the
present nvention can be integrated into both the FEOL
process and the BEOL process, therefore the process flex-
ibility integration are further improved according to the
present mvention.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaiming the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.
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What 1s claimed 1s:

1. A layout structure comprising a conductive structure
comprising;

a dielectric layer formed on a substrate; and

the conductive structure formed 1n the dielectric layer, the

conductive structure further comprising;

a barrier layer;

a metal layer formed within the barrier layer;

a first nucleation layer sandwiched in between the
barrier layer and the metal layer; and

a high resistive layer sandwiched in between the first
nucleation layer and the metal layer.

2. The layout structure comprising the conductive struc-
ture according to claim 1, wherein the barrier layer, the first
nucleation layer and the high resistive layer concentrically
surrounding the metal layer.

3. The layout structure comprising the conductive struc-
ture according to claim 1, further comprising a second
nucleation layer sandwiched 1n between the high resistive
layer and the metal layer.

4. The layout structure comprising the conductive struc-
ture according to claim 3, wherein the barrier layer, the first
nucleation layer, the high resistive layer and the second
nucleation layer concentrically surrounding the metal layer.

5. The layout structure comprising the conductive struc-
ture according to claim 1, wherein the metal layer comprises
a metal material, and the high resistive layer comprises a
metal nitride, a metal oxide, or a metal carbide of the metal
maternial of the metal layer.

6. The layout structure comprising the conductive struc-
ture according to claim 5, wherein the metal material of the
metal layer comprises tungsten (W), and the high resistive
layer comprises tungsten nitride (WN), tungsten oxide
(WO), or tungsten carbide (WC).

7. The layout structure comprising the conductive struc-
ture according to claim 1, further comprising a spacer
sandwiched in between the dielectric layer and the barrier
layer.

8. The layout structure comprising the conductive struc-
ture according to claim 3, further comprising at least a
high-k gate dielectric layer and a work function metal layer
sandwiched 1n between the spacer and the barrier layer.
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